Preoperative prostate-specific antigen (PSA) velocity (PSAV), or the rate of PSA rise before diagnosis, predicts for risk of cancer death after radical prostatectomy (RP). We evaluated the relative merit of established preoperative factors, including biopsy indices and preoperative PSAV, for their impact on relapse after RP.
INTRODUCTION
A recent study showed that the rate of rise in prostate-specific antigen (PSA) during the year before the diagnosis of prostate cancer (the annual PSA velocity [PSAV] ) predicted the risk of recurrence and the risk of prostate cancer death after radical prostatectomy (RP). 1 After adjusting for known clinical factors (clinical T stage, initial PSA level, and biopsy Gleason score), the PSAV remained an independent factor. In the current era of PSA screening and extended biopsy schemes, more men are diagnosed with lower PSA levels, nonpalpable tumors, and smaller tumors; thus, the relative usefulness of the previously established clinical factors such as T stage and PSA level will diminish. As a separate measure of biologic aggressiveness, the PSAV should have an increasing role in guiding treatment recommendations and in patient selection for adjuvant therapies. To further evaluate the usefulness of PSAV, we examined the relapse rate after RP with a multivariate analysis that included clinical T stage, initial PSA level, biopsy Gleason score, and preoperative PSAV. What distinguishes the current study is the inclusion of biopsy indices that have been shown to independently predict for relapse after RP, the percent of positive cores 2 and the amount of tumor within positive cores, 3 and the examination of the pathologic implications for patients with elevated preoperative PSAV.
PATIENTS AND METHODS

Patient Selection and Pathology
Of 1,180 men treated with RP at Stanford University Medical Center (Stanford, CA) between December 1989 and October 2001 for clinically localized prostate cancer, 202 men had preoperative annual PSAV data available and form the basis of this study. Because the majority (82%) of these patients were treated between 1996 and 2001, the results are not susceptible to "era effect." No patient received neoadjuvant androgen suppression before RP. Staging evaluation included a history and physical examination, serum PSA level, and transrectal ultrasound-guided needle biopsy of the prostate. The majority of patients had sextant biopsies (55% of patients had 6 to 7 cores, 32% had 8 to 10 cores, and the remaining 13% had 11 to 16 cores). Imaging with computed tomography, magnetic resonance imaging, or bone scan for staging was at the discretion of the physicians, depending on the pretreatment clinical parameters. Clinical T stage was based on digital rectal examination only and recorded by using the 2002 American Joint Committee on Cancer (AJCC) staging system. 4 Biopsies were characterized for grade, percent of positive cores, and total linear tumor length. Surgical specimens were charac- terized for volume of cancer based on tumor mapping from serial step-sectioning at 3-mm intervals, relative percentage by grade, extracapsular extension, and margin status. Gleason grading 5 and characterization of biopsy and prostatectomy specimens were made by a single genitourinary pathologist (J.E.M.). Bilateral pelvic lymph node sampling was performed on all patients. Patients with pathologically positive lymph node(s) were not included in this study.
In general, patients were followed up (with a digital rectal examination and serum PSA level) every 3 months for the first 2 years and then every 6 months thereafter. Relapse was defined as biochemical failure when a detectable PSA (Ն 0.2 ng/mL) was measured and confirmed on repeat blood draw. The median follow-up was 48 months (range, 24 to 156). Follow-up started on the day of RP and concluded on the date of relapse or the last follow-up visit. No adjuvant hormonal or radiotherapy was given before relapse. Table 1 lists the patient characteristics. The 202 study patients are representative of the entire cohort of RP patients, whose mean age was 61.3 years (compared with 61.2 years for the study patients); 68% were clinical stage T1c (compared with 75%); mean preoperative PSA was 9.6 ng/mL (compared with 7.4 ng/mL); 57% had biopsy Gleason scores of Յ 6 (compared with 52%); and 36% had biopsy Gleason scores of 7 (compared with 39%).
Statistical Methods
The annual PSAV (the rate of change in PSA per year) was calculated by simple linear regression from two or more PSA measurements before the positive biopsy diagnosis. Two PSA measurements were available among 56% of the patients, three among 25% of the patients, four among 15% of the patients, and five among 4% of the patients. The median time interval between PSA measurements was 12.0 months (range, 3.4 to 34 months). No PSA subsequent to the prostate needle biopsy was used.
Relapse-free survival (RFS) was calculated by using the Kaplan-Meier method.
6 RFS was defined as the time from RP to relapse (event) or to date of the last follow-up (censored).
Univariate and multivariate Cox proportional-hazards regression analysis 7 of preoperative variables that might predict for relapse after RP was performed. The preoperative covariates examined were age, clinical tumor stage (T1c or T2), preoperative PSA (Յ 10 or Ͼ 10), biopsy Gleason sum (Յ 6, 7, or Ն 8), percent of positive cores (Յ 50% or Ͼ 50%), total biopsy tumor length (Յ 3, 3 to 9, or Ͼ 9 mm), and preoperative PSAV (Յ 1 v Ͼ 1, Յ 2 v Ͼ 2, or Յ 3 v Ͼ 3 ng/mL/year). For the univariate analyses, both the continuous and categoric variables were tested, whereas for the multivariate analyses, only the categoric variables were tested with a priori cutoff points. Significance was defined as P Յ .05, and all tests were two-sided.
RESULTS
Thirty-one patients relapsed after RP, with a median time to failure of 16 months. All but age and clinical T stage were 
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www.jco.orgsignificant on univariate analyses in predicting for relapse after RP; appropriate clinical variables were tested as both continuous and categoric variables. These results are summarized in Table 2 , which also includes the actuarial RFS rate at 5 years. It is worth pointing out the statistical significance of the percent of positive cores and the total tumor length. It is also interesting to note the persistence of the preoperative PSAV in predicting for RFS for the different cutoff levels of Յ 1, Յ 2, and Յ 3 ng/mL/year. KaplanMeier estimates of RFS at 5 years were 97% for the group with an annual PSAV of Յ 1.0 ng/mL, compared with 75% for the group with an annual PSAV of Ͼ 1.0 ng/mL (P ϭ .01), 89% compared to 73% for PSAV of Յ 2 v Ͼ 2 ng/mL (P ϭ .003), and 88% compared to 68% for PSAV of Յ 3 v Ͼ 3 ng/mL (P ϭ .005).
The Cox multivariate regression analyses are presented in Table 3 . Two separate analyses were performed, one with the preoperative PSAV Յ 1 cutoff and the other with the PSAV Յ 2 cutoff. A separate analysis was also performed with the PSAV Յ 3 cutoff but is not shown because it failed to reach significance. Only two clinical factors retained their independent significance in predicting RFS after RP: the biopsy Gleason sum (P Ͻ .008; relative risk [RR], Ͼ 4.8) and the preoperative PSAV, whether dichotomized at 1 ng/mL/year (P ϭ .04; RR, 4.7) or 2 ng/mL/year (P ϭ .02; RR, 3.0). For these two factors, Kaplan-Meier curves illustrating the unadjusted relationship of RFS and time since surgery are shown in Figure 1 for the preoperative PSAV and Figure 2 for biopsy Gleason sum.
We examined the relationship between the preoperative PSAV and surgical pathologic findings, which are summarized in Table 4 . Patients with a PSAV of Ͼ 2 ng/mL/year were more likely be pT3 (P ϭ .007), have positive margins (P ϭ .01), have tumors Ͼ 1 mL (P ϭ .05), possess Ͼ 10% grade 4/5 tumors (P ϭ .04), and have a volume of grade 4/5 Ͼ 0.5 mL (P ϭ .03).
DISCUSSION
We have shown in this study that the preoperative PSAV predicts for relapse after RP and is an independent significant factor after adjusting for clinical T stage, initial PSA level, biopsy Gleason score, percent of positive cores, and amount of tumor within positive cores. The only other preoperative factor that is also independently significant was the biopsy Gleason score. Men with an annual preoperative PSAV of Ͼ 2 ng/mL have a three-fold increase in their risk of relapse after prostatectomy (95% CI, 1.2 to 7.7). We confirm recently published findings that demonstrate that preoperative PSAV predicts for relapse Kaplan-Meier relapse-free survival curves for three different annual preoperative prostate-specific antigen velocity (PSAV) cutoff intervals (Յ 1, 1 to 2, and Ͼ 2 ng/mL/year). Tick marks on the curves represent censoring. The P value is for the univariate comparison. The number of patients at risk for the three PSAV intervals is also shown. RRP, radical retropubic prostatectomy.
Fig 2.
Kaplan-Meier relapse-free survival curves for three biopsy Gleason sum (bGS) groups (Յ 6, 7, and Ն 8). Tick marks on the curves represent censoring. The P value is for the univariate comparison. The number of patients at risk among the three bGS intervals is also shown. RRP, radical retropubic prostatectomy. and cancer death after RP. 1 We have also shown, at least within the context of these data, that although the biopsy cancer volume indices (percentage of positive cores and total linear tumor length) were individually predictive on univariate analysis, they no longer are significant on multivariate analysis when PSAV is included among the pretreatment parameters.
Our data show a progressive rate of relapse with higher PSAV threshold levels (Fig 1) . Although the specific PSAV threshold level one chooses is arbitrary, a level of 2 ng/mL/ year seems reasonable for clinical usage. A higher threshold of 3 ng/mL/year no longer separated out groups significantly on multivariate analysis when other clinical factors were considered. A lower threshold of 1 ng/mL/year did retain the ability to independently distinguish patients at risk, but such a low threshold might be too susceptible to alternate causes of PSA fluctuations and to measure error if the time interval between measurements is too short. A threshold level of 2 ng/mL/year is also consistent with that observed in the previously cited study. 1 The biology behind the power of preoperative PSAV in predicting for relapse after RP is probably complex. Some insight is suggested by considering the time to relapse. Based on our understanding of the increased likelihood of persistent local disease associated with a late time to failure, 8 a rough estimate can be made that half of the failures in this series are local and half are distant, because the median time to relapse is 16 months. Therefore preoperative PSAV is not likely a simple predictor of either local failure or distant failure. We do not possess PSA doubling time after biochemical relapse for these patients, but such information might help to further distinguish between local or systemic relapse.
These data also show that patients with a preoperative PSAV of Ͼ 2 ng/mL/year are more likely to have pT3 stage, larger tumors, a larger component of high-grade tumors, and a higher chance for positive surgical margins. Several prior studies have failed to show a relationship between pretreatment PSAV and adverse pathologic features.
9,10 These studies had modest patient numbers (86 and 82, respectively), had separate pathologists for specimen interpretations, and were possibly underpowered. On the other hand, two other modest-sized studies (56 and 62 patients, respectively) using a related metric, the PSA doubling time, have shown a relationship between the PSA doubling time and adverse pathologic features 11,12 and biochemical relapse rates. 12 The previously mentioned study 1 did find a relationship between PSAV and advanced pathologic stage, higher tumor grade, and positive lymph nodes.
In conclusion, this study shows that the preoperative PSAV is a significant independent pretreatment clinical factor predicting for relapse after RP. It can also serve to predict which patients are more likely to possess larger, more aggressive, and more locally advanced tumors. The inclusion of preoperative PSAV in risk stratification, evaluation for alternatives to surgery, and patient selection for neoadjuvant or adjuvant therapy as part of randomized clinical trials seems justified. Abbreviation: PSAV, prostate-specific antigen velocity.
